Objective: This study aimed to examine the effect of specially designed safety belts on standard cardiopulmonary resuscitation (CPR) quality in a manikin and to determine whether straddle (STR) CPR is equivalent to standard CPR in a moving ambulance. Methods: Thirty-five emergency medical technicians were recruited and divided into two groups. The first group subjects were randomly assigned to perform standard CPR with or without safety belts. The second group subjects wore safety belts and were randomly assigned to perform STR or standard CPR. Chest compression quality was evaluated by measuring the average rate, depth of compressions, the hands off time and incorrect hand position. Results: The compression rate was significantly higher in the safety belt group (114.0/min vs. 106.5/min, p=0.001), but the compression depth was not significantly different. The hands-off time was also shorter in the safety belt group (24.5 seconds vs. 40 seconds, p=0.003). When STR CPR was performed, the compression depth was significantly deeper (42 mm vs. 36 mm, p=0.004), and the hands off time was shorter (6 seconds vs. 10 seconds, p=0.039) than with standard CPR. A follow-up questionnaire revealed that 65.7% of the respondents had stopped CPR in the past due to safety reasons, and 48.6% had been injured during CPR. Conclusions: Wearing belts in a moving ambulance situation can increase the quality of CPR. If an appropriate belt can be designed, the STR method may be used effectively. (Hong Kong j.emerg.med. 2015;22:145-153) 
Introduction
Early cardiopulmonary resuscitation (CPR) is an important procedure contributing to the chain of survival for cardiac arrest, [1] [2] [3] and the quality of CPR performed is equally important. CPR can be performed either on-scene or during transport in out-of-hospital cardiac arrest cases. However, clinical and experimental studies had demonstrated that the quality of CPR deteriorated during transport, which discouraged transportation while continuing CPR except in special situations. [1] [2] [3] [4] Despite of these recommendations, patients undergoing CPR are frequently transported. 3 Even when chest compression is correctly and optimally performed, normal cardiac output may not be achieved. 4 This situation is exacerbated when CPR is performed in a confined space, such as an ambulance, where side access is difficult. Wearing a seat belt is also not ideal for CPR positioning, and emergency medical services (EMS) personnel are at risk of being injured while performing CPR because they are standing in an unstable position and their hands are occupied performing CPR. 5 EMS personnel reported a perceived need to be unrestrained 75% of the time during transport of cardiac arrest patients, as compared with 40% of the time for all patients. 5 However, not wearing a safety belt on ambulance is dangerous and can be fatal. [6] [7] [8] Redesign of the safety belt may increase the safety of EMS personnel and improve the quality of resuscitation. In our review of the literature, we found no studies that examined the association between safety belts and CPR quality. In this study, we fabricated a simple safety belt that would not interfere with CPR; and we compared the quality of standard CPR with the safety belt to that without the belt using a resuscitation manikin in a moving ambulance. Alternative CPR methods such as over-the-head and straddle (STR) CPR had been developed for such conditions and the quality of CPR using the STR method had been shown to be equivalent to standard two-person CPR. [9] [10] [11] [12] When we performed a pilot study with a resuscitation manikin on the ground, STR CPR provided better quality CPR than other methods, including one-handed or over-the-head CPR. In this study, we aimed to determine whether STR CPR would be equivalent to standard CPR in a moving ambulance.
Materials and methods
Thirty-five emergency medical technicians (EMTs) belonging to the Korean public EMS (119 service) voluntarily participated in the study and provided informed written consent to Dongguk University Ilsan Hospital (Goyang, Gyounggi, Korea). Participants were divided into two groups. The first group (n=17) was randomly assigned to perform standard CPR with or without a safety belt followed by changing the order 20 minutes later. Three participants were excluded from analysis due to recording system error. The second group (n=18) was randomly assigned to perform either standard CPR or STR CPR followed by another technique 20 minutes later. Randomisation was performed using odd-even allocation from a list of random numbers generated using SPSS (SPSS, Inc., Chicago, IL, USA). This crossover study design was summarised in Figure 1 .
All subjects were experienced in pre-hospital standard CPR. No participants had received prior training in the STR CPR technique, and none had clinical experience with STR CPR. Participants received a brief demonstration of each technique from a single operator for one hour prior to commencing the study. 10 STR CPR instruction was included to avoid the potential bias that recent STR CPR instruction may have conferred on performance.
CPR was performed in an ambulance while it travelled at 40-50 kilometers per hour during a 4-minute predefined drive on public roads. The speed was maintained at ±5 km/h. To replicate a realistic transport environment, the pre-defined course was established with four speed bumps and three sharp curves. To avoid rescuer fatigue, sufficient rest time of more than 20 minutes was guaranteed between trials. CPR was performed on a Laerdal Resusci Anne Modular System Skill Reporter manikin (Laerdal Medical, Norway) placed in the ambulance. All processes were recorded by two camcorders installed in the ambulance, and each performance was evaluated by reviewing the video record. The Starex ambulance was used in this study, it was van-based and used a coil spring-type suspension.
A safety belt was fabricated for this study using a design similar to a mountain climbing belt (Figures 2A & 2B) . A rope was connected to the middle of the safety belt ( Figure 2C & Figure 3 ) and it was anchored to the end of bed and fixator of bed ( Figures 3A & 3C ). Front part of safety belt was anchored at the end of the front handle bar of the stretcher (Figures 3B & 3D) . The length of rope and tension were adjusted to fit their own body by rescuers against acceleration and deceleration movement ( Figure 3 The primary outcomes were the total number of chest compressions, the average rate of chest compressions per minute, and the depth of compressions (millimetre) as a measure of the quality of chest compression during resuscitation. We also noted the hands off time (second), hands off time in relation to total CPR time (percentage), total number of incorrect hand positions relative to total compressions (percentage), number of shallow compressions (percentage), and total number CPR=cardiopulmonary resuscitation of incorrect pressure releases relative to total compressions (percentage). Hand positioning was recorded as correct if pressure was exerted over the middle of the lower half of the sternum. The proportion of incorrect compressions (below the simulated xiphoid process) was also recorded. The variation for chest compressions was less than one percent.
After CPR, participants were asked to complete a questionnaire using a 5-point Likert scale based on whether the following accurately described their experience during each trial (1. Strongly disagree; 2. Disagree 3. Neither agree nor disagree; 4. Agree; 5. Strongly agree): have experienced the need to stop CPR for safety reasons; have been injured during CPR; have used a safety belt during CPR; the belt was stable; and would use this belt in the future. Participants' perceptions of the technique used were also assessed using the following statements: 1. this technique of CPR was comfortable; 2. high-quality CPR was provided with this technique.
Power analysis was performed using SigmaStat software (Systat Software, Inc., Richmond, CA, USA). We calculated that 16 subjects would be needed in a paired design to obtain a power of 0.80 to detect a change in CPR performance with an alpha of 0.05 for mean compression depth 35±6.5 mm (standard deviation) and an expected 5 mm difference between means. Data were entered into a spreadsheet using Microsoft Excel 97 and analysed using SPSS 15.0 for Windows (SPSS, Inc., Chicago, IL, USA). The data was normally distributed and was presented as means with 95% confidence intervals. Data was tested for normality using the Sharpiro-Wilks test. Non-normally distributed data was analysed by the Wilcoxon signed rank test and was presented as median (interquartile range). A p-value of <0.05 was regarded as statistically significant.
Results
Demographic characteristics of the EMTs were as follows: median age was 32 years (27-43 years), average height was 167.3 cm (155-183 cm) and average weight was 63.4 kg (46-82 kg). Median clinical EMT experience was 34 months (5-147 months). All participants had prior practical experience in CPR, such as EMT training, and had previously performed standard CPR.
The compression rate were 114.0 (85.0-128.0) per minute and 106.5 (73.5-116.8) per minute for performing CPR with and without safety belts respectively, revealing a significantly higher compression rate in the safety belt group (p=0.001). 
STR CPR=straddle cardiopulmonary resuscitation, EMT=emergency medical technicians
The compression depth was not significantly different between the two groups. The hands off time was shorter in the group using the safety belt at 24. All 35 technicians answered the questionnaire at the end of the study. CPR had been stopped in the past due to safety reasons by 65.7% of the respondents, and 48.6% replied that they had been injured during CPR. Only 5.7% of the 33 participants applied safety belts during CPR, but 97.1% of them replied that when the belts were provided, they were used. The median stability score for those using safety belts in this study was 4 (relatively stable), whereas the median score for CPR without the belts was 2 (relatively unstable). The median stability score for STR CPR was 4, and 57.1% of the participants replied that they would use this method in the future. In 18 participants who actually performed CPR with this method, 83.3% reported satisfaction with STR CPR.
Discussion
The quality of CPR deteriorates in moving ambulances, and it is directly linked to survival rate. 1,2,13 When comparing the efficacy of CPR using the depth and the number of CPR compressions per minute, CPR in ambulances is effective 0-33% of the time. 3 Other studies have shown that the quality of CPR decreased We studied the effects of safety belts on the quality of CPR. The groups using safety belts had a faster compression rate (114 times per minute) and less hands-off time than those did not use safety belts. However, the depth of compression, ratio of correct compressions, incomplete compression, and relaxation were not significantly different between the two groups. The belt might provide stability during acceleration and deceleration, thus improving the quality of CPR through shorter hands-off time and faster compression rates. Although this study showed that safety belts might improve the quality of CPR in some ways, the exact mechanism of the improvement was not analysed, and further study would be indicated.
Technicians commonly use the side seat in an ambulance. When securing the side seat belt, it is extremely difficult for the technician to perform standard CPR due to the distance between the patient and the technician. 14 This problem causes technicians to perform CPR without a safety belt 75% of the time. 5 Larmon et al surveyed the reasons for not using belts, and 67.9% replied that the belts precluded necessary access to the patient, 34.7% replied it was a nuisance f o r t h e w e a re r, 1 5 . 1 % a n s w e re d i t w a s t o o uncomfortable, and 5.3% questioned the effectiveness of the belt. 6 Nonetheless, not wearing a safety belt can lead to technician injuries or deaths, especially in the rear of the vehicle. The danger of accidents increases 4-6 folds in groups not wearing safety belts. 8, 15 Therefore, a safety belt can be crucial for technician safety. [6] [7] [8] In our survey, only two (5.7%) of 35 participants wore safety belts, and the belts worn were the current side belts. CPR had been stopped in the past by 65.7% of the respondents due to safety reasons, and 48.6% replied that they had been injured during CPR.
The current seating designs in ambulances are dangerous to the rescuer, which is a problem that cannot be solved immediately. Because accidents in ambulances are usually caused by acceleration and deceleration, 14, 16 we designed a belt taking this into consideration. Even though our belts have not approved and needed modification further, our study suggested that they could improve the quality of CPR. Additionally, the participants felt relatively stable using the safety belts in this study, and they felt unstable performing CPR without the belts. It may be another reason that participants performed the CPR better.
If such safety belts were provided, 97.1% of the participants replied that they would use them. Medical technicians are usually interested in ensuring their safety, recognise that there is a problem in the structure of the current ambulance, and feel the need for improvement.
14 Because a proper safety belt can help improve the quality of CPR, the need for further development is urgent. A study on mobile harnesses found that even though the harness gave the rescuer easier access to the patient, the stability of the harness while standing was still in question. 17 Another study reported that the harness led technicians to let down their guard, thus increasing accidents. 18 Problem with safety belt inside ambulance cabin often incur a balance between anchorage and mobility. Too good anchorage may not allow sufficient access to patient, too good mobility may not allow sufficient protection of the worker in case of an accident. Our safety belt could provide limited mobility. However, the harness used in this study could provide some degree of stability for technicians performing CPR, although it has not been proven effective in direct collision tests. Further biomechanical studies on safety belts should be done in the future.
We also compared the quality of CPR using an alternate method. In ambulances, helicopters, or airplanes, the restricted space will limit performance of standard CPR. To overcome this difficulty, the over-the-head and STR methods were designed. 10 The over-the-head method has been extensively studied, and it yields outcomes similar to those of standard CPR. 19, 20 A mechanical analysis of over-the-head and standard CPR showed that the range of movement in the head, shoulder, lower trunk, hip, and knee and the number of compressions, depth of compression, and ratio of correct to incorrect compressions did not differ. 11 These studies have been used as support for substituting overthe-head CPR for standard CPR. In confined spaces, STR CPR also showed no significant difference in rate, number, rate, and depth of compressions and hands off time compared with standard CPR. 10 However, when we compared standard CPR and STR CPR in a moving ambulance, STR CPR resulted in deeper compressions, fewer shallow compressions, and less hands-off time. The CPR rate and total instances of incorrect pressure release to total compressions were not statistically different from standard CPR, but STR CPR did provide better quality and more stable CPR in a moving vehicle. This may be a result of the low centre of gravity in STR CPR. Because both the STR and standard CPR groups used safety belts, the effect of the belt itself cannot be assessed in this study. However, STR CPR scored 4 out of 5 points in stability for the wearer, and 83.3% of the participants replied that they were satisfied with this method and will use it in the future.
Limitation
Firstly, this was a simulation study and we did not study on survival or neurologic outcome to evaluate CPR quality. Secondly, our newly fabricated safety belt was not subjected to commercial technical testing. The results did not directly address the underlying mechanism for improving CPR outcome. We assumed that the belt would help to maintain the technician's sense of balance and emotional stability. Since rescuers felt safer due to having the harness, it was possible that subjective feeling might contribute to CPR quality. Thirdly, hands-off time in our study did not include the time for securing the airway, ventilation, checking pulse and rhythm, securing the intravenous line, or other common procedures in the field. 21 In our study, we presumed that loss of balance was the sole cause of hands off time. Notably, a much shorter hands-off time was reported in this study than other studies suggesting that hands-off time in different study could have different meaning. Fourthly, STR CPR cannot be performed in a one-person format. This study employed a compression-only CPR method which was different from real situation.
Conclusions
Wearing belts in a moving ambulance situation may increase the quality of CPR. Significantly higher compression rate can be achieved in the safety belt group. Significantly greater compression depth and lesser hands-off time are achieved in performing STR CPR. Appropriate belts can provide sufficient safety and at the same time improve the quality of CPR inside a moving ambulance.
